Impact of Design Cost Percentage on Cost Growth, Schedule Growth, and Construction Intensity of Road Construction Projects by Prajapati, Elina
UNLV Theses, Dissertations, Professional Papers, and Capstones 
12-15-2019 
Impact of Design Cost Percentage on Cost Growth, Schedule 
Growth, and Construction Intensity of Road Construction Projects 
Elina Prajapati 
Follow this and additional works at: https://digitalscholarship.unlv.edu/thesesdissertations 
 Part of the Civil Engineering Commons 
Repository Citation 
Prajapati, Elina, "Impact of Design Cost Percentage on Cost Growth, Schedule Growth, and Construction 
Intensity of Road Construction Projects" (2019). UNLV Theses, Dissertations, Professional Papers, and 
Capstones. 3834. 
http://dx.doi.org/10.34917/18608749 
This Thesis is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV 
with permission from the rights-holder(s). You are free to use this Thesis in any way that is permitted by the 
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from 
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself. 
 
This Thesis has been accepted for inclusion in UNLV Theses, Dissertations, Professional Papers, and Capstones by 
an authorized administrator of Digital Scholarship@UNLV. For more information, please contact 
digitalscholarship@unlv.edu. 
 
IMPACT OF DESIGN COST PERCENTAGE ON COST GROWTH, SCHEDULE GROWTH, 








Bachelor of Engineering - Civil Engineering 








A thesis submitted in partial fulfillment 
of the requirements for the 
 







Department of Civil and Environmental Engineering and Construction 
Howard R. Hughes College of Engineering 






























The Graduate College 
The University of Nevada, Las Vegas 
        
September 6, 2019
This thesis prepared by  
Elina Prajapati 
entitled  
Impact of Design Cost Percentage on Cost Growth, Schedule Growth, and Construction 
Intensity of Road Construction Projects 
is approved in partial fulfillment of the requirements for the degree of 
Master of Science in Engineering – Civil & Environmental Engineering 
Department of Civil and Environmental Engineering and Construction 
  
Pramen Shrestha, Ph.D.    Kathryn Hausbeck Korgan, Ph.D. 
Examination Committee Chair      Graduate College Dean 
 
Neil Opfer, M.S. 
Examination Committee Member 
        
Jee Woong Park, Ph.D. 
Examination Committee Member 
 
Ashok Singh, Ph.D. 





The performance of construction projects is measured in terms of cost and schedule 
variation. Studies have identified that such variations are mainly due to design changes, which 
are more frequent on projects executed through the design-bid-build (DBB) delivery method. 
Thus, the design factor is identified as one of the major parameters affecting the performance of 
DBB projects. Despite the majority of road projects being constructed following the DBB 
method, the impact of design cost on the performance of road projects has not been sufficiently 
studied yet. Therefore, this study focuses on determining the effect of design cost on the 
performance of road construction projects in the United States, using three project performance 
metrics: cost growth, schedule growth, and construction intensity. This study intends to 
investigate the impact of the design cost percentage (DCP), out of total project cost, on the 
overall performance of DBB road construction projects. For this purpose, this study analyzed the 
data of 405 DBB road construction projects executed by the Texas Department of 
Transportation. This study conducted statistical analyses to determine the impact of the DCP on 
project performance metrics, separately for three cases: (a) all projects; (b) projects grouped 
based on partnering approach; and (c) projects grouped based on total project cost. In addition, 
for comparison purposes, the projects were also grouped on the basis of the cost and schedule 
performances into better performing and worse performing projects. Thus, inferential statistical 
analyses were conducted to compare the impact of design cost between the projects performing 
better and worse in terms of the three project performance metrics. The statistical test results 
demonstrated that the DCP significantly influences the cost performance of DBB road projects in 
all three cases of tests performed. However, the DCP was not found to significantly affect the 
schedule growth or construction intensity of DBB projects. Therefore, the outcome of this study 
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is expected to assist state departments of transportations in taking preventive measures during the 
design phases of projects, by focusing on design details and more investment in design to 
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CHAPTER 1: INTRODUCTION 
1.1 Background 
Construction projects have different phases from start to completion; the main three 
phases are the planning, designing, and execution phases. The project construction cost and the 
construction schedule are estimated in the design phase in accordance with the project design. 
The project construction cost is estimated on the basis of the prevailing prices of the materials, 
equipment, and labor as required for various construction activities. Likewise, the project 
schedule is estimated on the basis of the availability of resources and the production rates of 
labor and different equipment. Under ideal/favorable conditions, these estimated costs and 
durations match the actual values on completion of the project. However, such ideal estimates 
under favorable conditions are not always met, due to changes/deviation of planned activities or 
for other reasons. Thus, the performance of construction projects is primarily measured based on 
how well the projects are implemented in terms of the changes in the costs and durations on 
completion of those projects as compared to the preliminary estimates. Thus, cost and schedule 
are two major components that indicate construction project performance. 
The failure to maintain the pre-planned execution of construction projects is the main 
reason for the deviations of these major components of construction projects. According to a 
user’s guide by the European Commission (Framework, 1998), different factors responsible for 
delay in project completion and variations in original cost estimates in infrastructure projects are: 
poor management, changes in design, unexpected ground conditions, shortage of resources, 
inflation, exchange rates, incompetent contractors, funding problems, etc. There are very few 
construction projects that are completed within the estimated construction cost and project 
duration. Thus, researchers have conducted several studies and identified various factors causing 
2 
 
cost variation in construction projects, such as poor communication between construction parties, 
delays in payment and decision making, and administrative problems (Alhomidan, 2013), as well 
as drawing misrepresentation and lack of proper documentation (Dosumu & Aigbavboa, 2017). 
Similarly, other studies determined different causes of delay in construction projects, like change 
orders (Assaf & Al-Hejji, 2006), improper planning and site coordination, lack of commitment, 
lack of timely provision of design drawings (Doloi, Sawhney, Iyer, & Rentala, 2012), lack of 
coordination, and financial problems (Alaghbari, Kadir, Salim, & Ernawati, 2007). Despite 
numerous factors affecting the costs and durations of construction projects, researchers have 
identified that the primary cause for delays and increases in project costs in different types of 
construction is design discrepancy (Framework, 1998; Han, Love, & Peña-Mora, 2013; Kirby & 
Furry, 1988; Love, Edwards, Irani, & Walker, 2009; Sun & Meng, 2009). Such findings 
necessitate the investigation of those factors related to design work, in order to improve project 
performance. 
Besides design-related factors, it has also been identified from different studies that 
project deviations are more frequent in the projects executed under Design-Bid-Build (DBB) 
delivery methods compared to other project delivery methods (Hale, Shrestha, Gibson, & 
Migliaccio, 2009; Konchar & Sanvido, 1998; Park, Lee, Kim, & Kim, 2015; Shrestha, 
Migliaccio, O’Connor, & Gibson, 2007; Sullivan, Asmar, Chalhoub, & Obeid, 2017). 
Accordingly, cost growth and schedule growth are both higher in DBB projects. Thus, it is 
necessary to investigate DBB projects so that the influence of the design factors on project cost 
and duration may be minimized to achieve better project performance. Although the majority of 
road construction projects are executed under the DBB method, there are limited studies 
(Gransberg, Puerto, & Humphrey, 2007; Shrestha & Mani, 2014) that investigate the influence of 
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design cost on the project performance of such road construction projects. Additionally, the 
studied projects have limited sample sizes, due to which their findings cannot be generalized in 
cases of all other road projects. Therefore, this study was carried out to determine the impact of 
design-related issues on the performance of road construction projects. The finding of this study 
is expected to assist state department of transportation (DOTs) in taking preventive measures to 
minimize changes in costs and durations of construction projects and thus, improve project 
performance. 
1.2 Research Objective and Scope 
This research aims to identify the influence of design cost on the performance of road 
construction projects. Such identification will assist in the prevention of any negative impact of 
design cost on the performance of construction projects in terms of cost and project duration. 
Thus, this study considered cost growth, schedule growth, and construction intensity as the three 
metrics to measure project performance. As studies have shown that cost growth and schedule 
overrun are affected by the partnering approach (Gransberg, Dillon, Reynolds, & Boyd, 1999) as 
well as the size of the project cost (Shrestha, Burns, & Shields, 2013), this study accounted for 
these two factors while determining the impact of design cost on the project performance. 
Accordingly, this study investigated the relationship of design cost with project performance of 
partnered and non-partnered projects, in addition to the investigation of all projects as a single 
group. Further, to incorporate the variability in project sizes for the data collected for this study, 
an investigation was also carried out to compare the relationships between design cost and 
project performance for the projects, differentiated into three groups based on their project sizes: 
(1) less than five million US dollars (< $5M); (2) five-fifteen million US dollars ($5M-$15M); 
and (3) higher than fifteen million US dollars (> $15M). 
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For the data analysis, the projects evaluated were categorized into better performing and 
worse performing, based on cost growth and schedule growth. In terms of cost growth, projects 
with positive cost growth were categorized as projects with worse cost performances, as these 
projects were completed with additional expenses, while projects with zero or negative cost 
growth were categorized into projects with better cost performances as these projects were 
performed within the estimated budgets. Similarly, in terms of schedule growth, the projects 
were categorized as projects with worse and better schedule performance. In the case of 
construction intensity, two groups were divided on the basis of the 50th percentile (median value) 
of construction intensity. Therefore, incorporating all of these factors, this study focused on 
achieving the following specific objectives for (a) all projects, (b) projects categorized based on 
partnering approach, and (c) projects categorized based on project sizes, separately: 
1. To determine the relationship of design cost percentage (DCP) with cost growth, 
schedule growth, and construction intensity for ; 
2. To determine the relationship of DCP between the projects with better cost performance 
and worse cost performance; 
3. To determine the relationship of DCP between the projects with better schedule 
performance and worse cost performance; 
4. To determine the relationship of DCP between projects having construction intensity 
greater than the median and less than or equal to the median value of construction 
intensity. 
All of the analyses presented in this study are based on data collected for road 
construction projects from the Texas Department of Transportation (TxDOT). Altogether, the 
complete set of data required for this study were available for 405 road projects, which were all 
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executed through DBB method. The finding of this study is expected to assist in improving the 
performance of DBB road construction projects. 
1.3 Research Hypotheses 
As design cost is a component of the overall project cost, an increase in design cost leads 
to an increase in the overall project cost estimate, and vice-versa. However, it is essential to note 
that more investment during the design phase leads to high-quality design work, and there are 
lower chances of error in design. Ultimately, this leads to improved work planning and cost 
estimation during the planning phase. Thus, in an ideal condition, such planning leads to the 
smooth execution of construction projects without any changes in construction cost or duration. 
Similarly, lower investment in the design phase allows for the chance of having a low-quality 
design, ultimately requiring changes during project execution, with an impact on both the 
construction budget and schedule. 
It is difficult to achieve the ideal conditions in construction projects, where project 
execution is as expected and meets the estimated project performance. Specifically, in DBB 
projects, different entities are responsible for the design and construction activities; it may be 
challenging to achieve the pre-determined project performance.  As such, there is generally some 
deviation in project performance from estimated values. Therefore, the general research 
hypothesis of this study is that a higher percentage of design cost in DBB road construction 
projects leads to their better project performance. Accordingly, this study has the following four 
specific research hypotheses, corresponding to the four study objectives for (a) all projects, (b) 




1. The DCP has a negative relationship with cost growth, schedule growth, and construction 
intensity in cases of road construction projects; 
2. The DCPs of road construction projects with better cost performances are significantly 
higher than those of projects with worse cost performances; 
3. The DCPs of road construction projects with better schedule performances are 
significantly higher than those of projects with worse schedule performances; 
4. The DCPs of road construction projects with construction intensities greater than the 
median value are significantly higher than those of projects with less than or equal to the 
median values of construction intensity. 
To conduct statistical tests, these research hypotheses are converted into the following 
null hypotheses for (a) all projects, (b) projects categorized based on partnering approach, and (c) 
projects categorized based on project sizes, separately: 
1. There is no significant effect of DCP on the cost growth of road construction projects; 
2. There is no significant effect of DCP on the schedule growth of road construction 
projects; 
3. There is no significant effect of DCP on the construction intensity of road construction 
projects; 
4. There is no significant difference in the mean DCPs between road construction projects 
with better cost performances and worse cost performances; it can be mathematically 
expressed as follows: 
mean DCP of better − cost performance projects
= mean DCP of worse − cost performance projects 
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5. There is no significant difference in DCPs between road construction projects with better 
schedule performances and worse schedule performances; it can be mathematically 
expressed as follows: 
mean DCP of better − schedule performance projects
= mean DCP of worse − schedule performance projects 
6. There is no significant difference in DCPs between road construction projects with 
construction intensities greater than the median, and less than or equal to the median 
values of construction intensity; it can be mathematically expressed as follows: 
DCP of projects with construction intensity greater than median
− construction intensity value
= DCP of projects with construction intensity less or equal to median





CHAPTER 2: LITERATURE REVIEW 
The initial sections of the literature review focused on exploring the factors affecting 
construction project performance, and detailed discussion of the studies related to the impact of 
the identified major factors on the project performance. These studies were the basis for setting 
the objectives of this study. In the subsequent sections, literature related to the road construction 
projects and the impact of design cost on the performance of DBB road projects are discussed. 
2.1 Factors Affecting Construction Project Duration and Cost 
In public work projects, there are various reasons that keep the project behind schedule 
and increase the construction cost, including weather condition, inappropriate estimation, 
insufficient scope, and design error. To identify such factors, researchers have conducted several 
studies. Assaf & Al-Hejji (2006) conducted a questionnaire survey on schedule performance of a 
wide range of construction projects in Saudi Arabia to determine the causes of delay in 
construction. The researchers selected all parties involved in the construction process (i.e., the 
owner, consultant, and contractor) as the survey respondents. The study mainly focused on 
analyzing the importance of the causes of construction delays and different viewpoints among 
different parties of participants. From the survey, the researchers were able to identify 73 causes 
responsible for an increase in the construction duration and the average schedule overrun was 
found to be between 10% to 30% of the actual duration. Further, the study identified that change 
order was the most common cause for the schedule overrun in various types of large construction 
projects. A similar study on delay of construction projects in India (Doloi et al., 2012) identified 
few critical factors causing delay, which include lack of commitment, poor site coordination 
(mainly due to the lack of timely availability of design drawings), improper planning, unclear 
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project scope, and substandard contracts. Moreover, the study found that the lack of the owner’s 
prompt decision and the architect’s unwillingness for the change and rework during the 
construction phase affected the construction schedule significantly. 
Larsen, Shen, Lindhard, & Brunoe (2015) studied the factors that have the most 
significant impact on project duration, cost, and quality of public construction projects, as 
experienced by project managers. The researchers also analyzed if there is a significant 
difference between the identified factors from one another. Twenty-six factors were identified 
through a semi-structured interview with project and property managers from eight public 
agencies, and from the investigation of public construction projects conducted by the National 
Audit Office of Denmark in 2009. Further, publicly employed project managers, including 
architects, engineers, and building surveyors, as respondents, validated those factors. The study 
identified unsettled or insufficient project funding as the major factors that influence the project 
duration. Similarly, the faults or omission in consultant material was identified as the factor 
affecting project cost, and the faults or omission in construction work was identified as the factor 
affecting quality of work performed in the public construction projects. 
Aziz (2013) conducted a study on factors affecting cost in wastewater construction 
projects in Egypt to identify the major factors affecting the project cost. The study was based on 
a questionnaire survey with the representatives from public and local construction firms involved 
in wastewater projects, and the response rate of the survey was 77.14%. For the interviews, the 
questionnaires were prepared based on 52 factors identified to cause the cost variation. These 
factors were short-listed through the review of various literature. In the interview, the 
interviewees were asked to rank those 52 factors based on their occurrence frequency. Further, 
the interviewees were also questioned about the procedure they followed to eliminate or 
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minimize the cost differences at the completion of the wastewater projects. The study also 
categorized the 52 factors into owner originated (12), designer originated (11), and contractor 
originated (19), as well as miscellaneous (10) category. The factors related to owner such as low 
bid procurement method, additional work, impact of bureaucracy during bidding process, 
incorrect estimation, and problems related to funding were found to be the critical factors 
causing cost variation. Further, inaccurate estimation, factors related to financing and payment, 
unexpected conditions, inflation, and fluctuations in prices were other factors that impact cost 
variation. Based on the survey responses, it was found that the owner-related factors accounted 
for 31% of the cost variation. Similarly, the factors related to designer, contractor, and 
miscellaneous categories accounted for 22 %, 19%, and 3% of the cost variation, respectively. 
Based on the survey results, this study recommended that it is necessary to ensure adequate 
sources of funding for the execution of projects, availability of sufficient time for the work 
completion, and funds for the design phase to prevent cost variation. Further, it is recommended 
to prepare an accurate estimation by proper use of the time and resources to prevent probable 
problems in the future. It is also recommended to implement cost control measures by improving 
the owner’s project management procedures, proper planning of activities, and consideration of 
inflation and depreciation factors during planning phase. 
A different study of Nigerian building projects (Dosumu & Aigbavboa, 2017) on the 
influence of design errors on cost variation found that the drawing misrepresentation and lack of 
coordination of documents were the major causes for cost variation. The study found that 36% of 
cost variation in the 30 building projects included in this study were due to design error. To 
eliminate such errors and maintain high quality in design works, this study suggested more effort 
and investment on the right professionals that are capable of carefully checking project designs. 
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Shrestha et al. (2013) studied the extent of project cost and duration overruns in 363 
construction projects from 1991 to 2008 in the Clark County Department of Public Works 
(Nevada). The study found that large construction projects had significantly higher project cost 
growth compared to small projects. Similarly, the study also concluded that the projects with 
long durations had a significantly higher amount of delays compared to small projects with short 
durations. These results show that the size of projects also influences the final cost and duration 
of construction projects. 
2.1.1 Studies Related to the Relationship of Change Orders and Project Performance 
Shrestha, Shrestha, & Kandie (2017) studied the influence of change orders on the cost 
overrun of road maintenance projects. The study included 614 road maintenance projects 
executed by Kenya Rural Road Authority from 2011 to 2014. The analysis of change order data 
was done on the project level and the activity level. The project level change orders were studied 
on different categories: size of project, road surface, and type of maintenance work. The study 
found that change order values for the project-level increased the project cost by 13.07%. 
Further, on the project-level basis, the study determined that change orders decreased with the 
increase in project size. The change order values significantly decreased the construction 
intensity values as well. The paper concluded that the influence of change orders on the project 
cost and duration in maintenance projects is similar to that of new road construction projects. 
Similarly, Shrestha & Zeleke (2018) studied the influence of change orders on project 
cost and duration of 161 school building renovation projects in Nevada in the Las Vegas Valley. 
The study determined the quantity of change orders for those projects and analyzed the influence 
of change orders on cost and time growth as well. The researchers also identified the different 
types of change orders that extremely affected the cost and time overruns, and evaluated the 
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relationship between the percentage of change orders and project size. The data analysis showed 
that the project cost increased by 3.56%, and about 40% of the projects had extended project 
duration due to change orders. The study also found that unexpected conditions and design-
related change orders were more expensive than the change orders made by the owners. 
However, all these factors caused significant effect on the project schedule overrun. Contrary to 
the findings by Shrestha et al. (2017) on new construction projects, this study determined that the 
change orders increased with the increase in project size in the case of building renovation 
projects.  
In a different study (Serag, Oloufa, Malone, & Radwan, 2010), researchers developed a 
statistical model that is capable of quantifying the change order impact on the overall project for 
heavy construction projects in Florida. The study included 16 projects executed by the Florida 
DOT with the project cost of $10 million to $25 million for developing the model, which is valid 
for the contract price growth of 0.01% to 15% due to change orders. The study mainly focused 
on analyzing the owner’s issued change orders and their impact. Furthermore, the study also 
focused on developing the model to quantify the increase in project cost (in percentage) as a 
result of change orders and assist the owners to estimate the contingency amount. This study 
analyzed the different factors affecting the project cost to determine their impact on the change 
order values. For the projects with project cost growth above 5%, this study showed that the 
variables causing project cost growth because of change orders are different. The change order 
models developed by the researchers assist owners in estimating the cash flow and ensure that 
adequate contingency amount is allocated to cover the change order value. Further, the tool also 




2.1.2 Studies Related to the Influence of Project Delivery Method on Project Performance 
Konchar and Victor (1998) conducted a study to compare the project delivery methods. 
Their study compared three project delivery methods: construction management at risk (CMAR), 
design-build (DB), and design-bid-build (DBB), on the basis of cost, schedule, and quality 
performances. Out of 351 building projects from the United States included in the study, 23% of 
the projects were delivered through CMAR, 33% of the projects were delivered through DBB, 
and 44% were delivered through DB method. These building projects included light industrial, 
heavy industrial, and simple and complex office buildings. This study tested for the significance 
of the univariate comparisons and then developed multivariate linear regression models for 
estimating the average project performance. The study used about 100 variables for the test of 
significance and multivariate comparison. This study identified that the use of DB method had 
significant improvement in the cost and schedule performances. Further, DB projects performed 
equally or higher in terms of work quality compared to the other two methods. Thus, this study 
concluded that the type of project delivery method influences the project performance. In the 
same study, Konchar & Sanvido (1998) also determined that the project performances are 
affected by the size of projects as well. 
Similarly, Sullivan et al. (2017) conducted a quantitative analysis on the performance 
comparisons for the same three project delivery methods: DB, CMAR, and DBB. The 
comparisons were conducted for five metrics: cost growth, schedule growth, delivery speed, unit 
cost, and work quality. The data required for this study were collected from previous studies. 
Then, the collected data were combined to form a large dataset, and this study used all those 
datasets for analyzing and comparing the performance of these different project delivery 
methods. Statistical analyses was done after the qualitative findings to determine the significance 
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of the combined results. The study results demonstrated that the DB method is the most effective 
project delivery method with the lowest cost growth compared to CMAR and DBB methods. In 
terms of the unit cost, none of the delivery methods had consistent performance. In the case of 
schedule growth, it was found that both CMAR and DB methods performed better compared to 
the DBB method. However, the results for the schedule growth were statistically significant for 
DB and DBB methods only. These study results demonstrated the superiority of the DB method 
over other methods in terms of the project delivery speed as well.  
A different study (Minchin, Li, Issa, & Vargas, 2013) compared the cost and schedule 
performances of 60 bridge and highway construction projects undertaken by the Florida DOT. 
Out of 60 projects, 30 projects were executed with DB method and 30 projects were executed 
with DBB method. The study found that the projects delivered with DBB method had 
significantly better cost performance compared to DB method whereas no significant difference 
was found in the case of time performance. Similarly, Darren R. et al. (2009) compared the cost 
and time performances between DB and DBB project delivery methods on homogenous samples 
of military buildings. The study statistically compared various variables including the duration of 
project, schedule overrun, cost overrun, etc. The study identified that the DB method has 
superiority over DBB method in terms of cost and time. Park et al. (2015) conducted a similar 
study to compare the effect of project delivery method on the performance of housing projects in 
Korea. The large-sized apartment housing projects included in the study had a minimum project 
size of $50 million and 20 floors, and the projects were executed through DB and DBB methods. 
The study focused on project performance in terms of cost growth, construction time, 
construction time growth, and quality. The study results demonstrated that the cost growth was 
5% higher in DBB projects compared to DB projects, and the average construction time was 12 
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days per floor more in DBB projects. All these differences were found to be statistically 
significant. Thus, the study concluded that the large housing projects delivered through DB 
method were better in terms of all those factors considered to measure the project performance 
compared to the DBB method. However, these findings are based on the analysis of larger 
housing projects, and thus, these findings may not be generalized for small building projects. 
Researchers have also conducted a study to compare the highway projects delivered 
through the DB and the DBB methods (Shrestha et al., 2007). For comparison, this study 
examined four DB projects and 11 DBB projects. Their study used project duration, size, type, 
scope, contract/procurement, etc. as the project inputs, and the cost, schedule, and change order 
performances were used as project outputs. For the comparison between the two project delivery 
methods, the researchers compared these inputs and outputs of those large highway projects with 
each other. The descriptive data showed that the DB method is superior over DBB in terms of 
cost and schedule growth, and DBB performed better in terms of change order performance; 
however, the statistical significance was only observed in the case of cost growth. Similar 
findings were observed in output-versus-output analyses between the two project delivery 
methods. The average cost growth and schedule growth were found to be lower in DB method; 
however, the statistical significance was only observed in the case of cost growth. Furthermore, 
the cost factor for change order was found to be lower in the case of DB projects compared to 
that of DBB projects; however, the difference in cost factors between DB and DBB projects was 
not statistically significant.  
2.1.3 Studies Related to the Relationship of Design Errors with Project Performance 
As design errors contribute to rework in design and reconstruction, such errors lead to 
extended project duration and additional cost. Thus, Han et al. (2013) attempted to develop a 
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model to analyze the impacts of such design errors on construction projects. The model 
developed by the researchers was validated to reliably assess the impact of design errors on the 
performance of projects on the basis of the suitability, consistency, and utility and effectiveness 
of the projects. Through a case study, the researchers found that design errors have a significant 
adverse effect on the project duration. Furthermore, the case study demonstrated that the pressure 
on project schedule due to design errors have a negative impact on construction activities that are 
indirectly associated with the design errors. The proposed model was capable of assisting the 
project managers in understanding the design error dynamics and the ways to recover delay. 
To determine the cause of omission errors in construction projects, Love et al. (2009) 
conducted an extensive interview with industry professionals such as project managers, 
operations managers, engineering managers, architects, etc. in Western Australia. The study 
found that the causes are mostly related with design works such as failure to undertake design 
reviews, providing inaccurate design documents, low design fees resulting in leaving the work 
incomplete, re-use of existing specification and design solutions, etc. Similarly, Yap & Skitmore 
(2018) conducted another study to identify the causes of design change and their consequences 
on cost performance of the Malaysian building projects. Through the study of previous papers 
and semi-structured interviews with construction experience practitioners, the researchers 
identified 39 causes for the design changes. A total of 338 questionnaire surveys were conducted 
with the owners, consultants, and contractors, and the study found that design changes result in 
cost and time overrun by 5% to 20%. The analysis also revealed that 38 out of 39 causes of 
design changes were significant at the 5% significance level. The questionnaire survey also 
determined that the most significant causes of design changes were related to insufficient 
planning by the design team during the pre-construction planning phase. 
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Another study (Bubshait, Al-Said, & Abolnour, 1998) attempted to develop a statistical 
model to relate the design cost and design deficiency by studying 60 large building construction 
projects in Saudi Arabia. The study analyzed the design deficiencies discovered during the 
construction phase and determined that the increase in design cost results in lower design 
deficiency. Further, the researchers suggested that the owners should select proper design 
companies with competent design professionals, in addition to considering the design cost. 
Proper design to fulfill the requirements of the project requires effort and timely availability of 
resources affecting the design cost. Furthermore, the study claimed that the model could be 
utilized to forecast the level of design quality. In another study (Choudhry, Gabriel, Khan, & 
Azhar, 2017), researchers conducted a survey to identify the causes for the deviation between 
design and construction in DBB building construction projects in Pakistan. The researchers 
identified 65 causes of discrepancies from previous studies and inputs from building construction 
experts and prepared questionnaires for four different categories: design, tendering, construction, 
and overall project. The survey was conducted with owners, consultants, and contractors. The 
results indicated three major causes for the deviation between design and construction: (a) 
incomplete data provided to designers, (b) design approval without careful checking, and (c) 
changes made by owner due to financial problems. 
2.1.4 Studies Related to the Impact of Partnering Approach on Project Performance 
2.1.4.1 Partnering 
Partnering has been widely used in the road construction industry for reducing disputes 
and potential claims (Abudayyeh, 1994; Bresnen & Marshall, 2000; Naoum, 2003). The 
American Association of State Highway and Transportation Officials (AASHTO) defined 
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partnering as “a process of collaborative teamwork to achieve measurable results through 
agreements and productive relationships” (AASHTO, 2005). The features of successful 
partnering include common goals between the contracting parties, mutual trust, a mechanism to 
solve problems, etc. (Naoum, 2003). The implementation of partnering approach in construction 
projects has several benefits, such as reduced disputes, claims, and lawsuits, faster delivery of 
projects with reduced project cost and duration, high quality of works, etc. (AASHTO, 2005). 
Despite these benefits, there are a couple of problems regarding the partnering approach, such as 
uneven commitment by the contracting parties, communication problems, inefficient problem 
solving, etc. (Chan, Chan, & Ho, 2003).  
2.1.4.2 Impact of Partnering Approach in Road Construction Projects 
Due to the popularity of the partnering approach, researchers have conducted a number of 
studies to compare the projects adopting the partnering approach with the ones not adopting the 
partnering approach. Gransberg, Dillon, Reynolds, & Boyd (1999) compared the road projects 
executed with partnered and non-partnered approaches by TxDOT and determined that the 
partnered projects have better project performance in terms of the cost growth and schedule 
growth. Furthermore, the field survey conducted in the same study with the TxDOT and 
contractor personnel determined that there is an improvement in the quality of the construction 
projects with the partnering approach. A different study (Grajek, Gibson, & Tucker, 2000) 
analyzed the performance of partnered projects executed by TxDOT and found that the 
partnering approach significantly reduced disputes and claims as well as project duration savings 
compared to non-partnered projects.  
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2.2 Studies Related to the Performance of Road Construction Projects 
Amoatey & Ankrah (2017) studied the causes of delay in road construction projects in 
Ghana to determine the measures to avoid such delays. The researchers first analyzed 48 road 
projects in Ghana to compute the project delay and project cost overrun. Then the researchers 
conducted a survey with road agency professionals to identify and rank the critical delay factors 
and then provide the mitigation measures. The study found that there is a delay in project 
completion time in about 70% of the road construction projects, and there is cost overrun in 
about 52% of the projects. The average delay on completion time was found to be 17 months, 
and the average cost growth was found to be US $ 1.15 million, which is equal to 22.5% of the 
project size in road projects of Ghana. This study also listed the critical causes for delay in road 
construction projects such as late payment, inexperienced contractor, change in scope during 
construction, delayed delivery of site to contractor, and project funding.  
Researchers have also studied the correlation between change orders and project 
performances in new highway construction projects from Texas Department of Transportation 
(Shrestha & Maharjan, 2018). The study was based on data collected from 185 new highway 
construction projects, all of which were of sizes greater than $10 million. The study found the 
average change order growth to be 7%, and the average number of change order to be 35 on the 
studied projects. Furthermore, the statistical tests showed that the change order growth was 
positively correlated with both the cost and schedule growths. Therefore, an increase in change 
order increases the cost and schedule growth. Similarly, an increase in change orders causes 
significant increase in the cost growth, schedule growth, and construction intensity. Additionally, 
the study found that the optimum percentage of change order growth is 5%, above which, the 
increase in cost growth and schedule growth is highly significant. Similarly, it was found that the 
20 
 
projects with more than 20 change orders had a highly significant increase in cost growth, 
schedule growth, and construction intensity. 
2.3 Studies Related to the Impact of Design Cost on Performance of DBB Road 
Construction Projects 
Gransberg, Puerto, & Humphrey (2007) studied the relationship between design fee 
percentage and the cost growth from the initial cost estimate to the cost at the project completion 
in 31 projects (13 road projects and 18 bridge projects) located in Oklahoma. Although the 
researchers collected data for 72 projects from the period 1998 to 2003 that were worth $235 
million, only 31 projects had required information for the study. Therefore, only those 31 
projects (that were worth $90 million) were studied in this research. All those projects were 
delivered through DBB method. The projects were divided into road and bridge projects, in 
which the road projects had cost ranging from $0.585 million to $27.4 million, and the bridge 
projects had cost ranging from $0.49 million to $5.4 million. The study conducted average 
design fee analysis, average cost growth analysis, and linear regression analysis of cost growth 
and design cost for all projects as well as for road and bridge projects, separately in each dataset. 
For the analysis conducted for all projects together, the average design fee and the average cost 
growth were determined to be 5.21% and 9.65%, respectively. Similarly, the average design cost 
for road projects was determined to be 1.96%; however, the cost growth was 36.31%. In the case 
of bridge projects, the design fee was found to be comparatively higher at 7.61%, and the cost 
growth was found to be negative at -9.60%. These results show an overestimation in the case of 
bridge projects. The study concluded that the cost growth from the initial estimate during 
contract award time increased with the decrease in the design fee. Furthermore, the regression 
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analysis demonstrated a stronger relationship between design cost and cost growth in bridge 
projects in comparison to road projects.  
A similar study (Shrestha & Mani, 2014) analyzed the influence of design cost on 
construction cost and duration of DBB road projects. The study was based on 47 road projects 
under Clark County Department of Public Works (CCDPW) of Nevada and 17 road projects 
under TxDOT constructed between 1991 to 2009. The projects constructed by CCDPW had 
more than a $330,000 project cost, and that of TxDOT had more than a $5 million project cost. 
This study conducted separate analyses for all the projects as well as separately for projects 
executed by CCDPW and TxDOT. The analyses results demonstrated that the project cost 
reduced significantly with the increase in DCP, which is similar to the findings of Gransberg, 
Puerto, & Humphrey (2007). Additionally, the correlation between the DCP and the construction 
schedule growth showed that the higher design cost would reduce the schedule growth of 
construction. The study also concluded that the mean DCP is higher for the projects with 
negative or zero cost growth compared to those with positive cost growth. As the study 
concluded that the DCP has impact on the total cost of the road projects, the researchers 
suggested the owners to be careful about the quality design works to minimize the construction 
cost growth.  
2.4 Summary 
The literature show that most of the past studies focused on determining the causes of 
delay and cost growth in different types of construction projects. Accordingly, researchers have 
identified that the changes related to design issues are the ones that impact the performance of 
construction projects, and such impact is frequent in DBB projects, in which different entities are 
responsible for the design and construction activities. These findings show the necessity to 
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determine the impact of design-related issues on projects executed through the DBB project 
delivery method. Among different types of construction projects, such study is more important 
for the road construction projects, as these projects mostly adopt the DBB method. Although 
there are a few studies that attempted to determine the impact of design issues on the project 
performance parameters of DBB road projects, those studies are based on a small number of 
project data points. To fill this gap, this study focuses on determining how the DCP affects the 
cost and schedule performances of road projects by incorporating a large number of project data 
points to generate reliable results that may be generalized in all road projects. In addition to the 
DBB method, other factors like the partnering approach in road construction and the size of 
projects has also been identified to influence the performance of construction projects. Therefore, 
this study will also analyze the impact of design cost on the DBB road projects adopting 





CHAPTER 3: RESEARCH METHODOLOGY 
3.1 General Approach 
The general approach of this study consists of five major steps, as shown in Figure 1. 
This study started with defining research goal along with the objective and scope, which has 
been discussed in Chapter 1. For initiating the research, next step was to define research 
hypothesis, which has also been discussed in Chapter 1. These two steps were completely based 
on a literature review of past studies, which has been presented in Chapter 2. To accomplish the 
research objectives, it is required to have cost and duration information on road construction 
projects. Thus, the third step involved collection of such data. After data collection, the data were 
processed, and then finally analyzed to draw conclusions. The following sections of this chapter 
will briefly discuss steps three through five.  
 
Figure 1. Research Methodology 
3.2 Data Collection 
For collecting the data required to conduct this study, researchers contacted the Texas 
Department of Transportation (TxDOT). TxDOT agreed to provide the required data of road 
construction projects to assist this study. The data required from each of the projects for this 













 Project delivery method; 
 Project design cost; 
 Total estimated project cost; 
 Original construction cost; 
 Original construction duration; 
 Final construction cost; 
 Final construction duration; 
 Partnering approach; 
For the projects to be considered for the study, it was necessary that all above-listed 
information be available. The projects without complete information were eliminated for further 
steps. Further, the projects with project delivery methods other than DBB were also excluded, as 
this study focused on the analysis of DBB projects.  
3.3 Data Processing 
After the data collection, the complete set of project information received from TxDOT 
were recorded in an Excel spreadsheet. As the projects are from different time frames, all costs 
were converted to 2019 base cost using Engineering News-Record (ENR) cost indices 
(Construction Cost Index) for the uniformity of the testing data. Then the different project 
performance metrics required for this study were computed for the statistical analyses. The 
different parameters calculated in this step were the design cost percentage, cost growth, 
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schedule growth, and construction intensity. The following equations were used to compute these 
parameters for each project: 
















3.4 Data Analysis 
In order to assess the impact of DCP on the project performance metrics of road 
construction projects, this study used the parameters computed for all projects from the data 
processing section for statistical analyses. This study compared the DCPs between the projects 
categorized based on their performances in terms of cost, schedule, and construction intensity. In 
this study, the performances of the construction projects in terms of cost and schedule is better 
when the cost and schedule growth is zero or negative, and worse when the cost and schedule 
growth is positive. In terms of construction intensity, the projects were grouped based on their 







Table 1. Project Types Based on Project Performance Metrics 
Project Performance 
Metrics 
Project Types  Description 
Cost Growth 
Better Cost Performance ≤ 0% Cost Growth 
Worse Cost 
Performance 
> 0% Cost Growth 
Schedule Growth 
Better Schedule Performance ≤ 0% Schedule Growth 
Worse Schedule Performance > 0% Schedule Growth 
Construction Intensity 
> Median CI > Median Construction Intensity 
≤ Median CI ≤ Median Construction Intensity 
 
This study conducted such comparisons for the projects included in the data analysis in 
three different sections, as explained below: 
a) Based on all data: In this section, the data analysis was conducted by considering all 
projects as a single group. 
b) Based on the partnering approach: This study also collected information on whether 
the projects implemented the partnering approach or not. Thus, in this section, the 
data analysis was conducted by considering partnered and non-partnered projects, 
separately. This analysis mainly helps to understand the impact of the partnering 
approach in project execution. 
c) Based on project size: The total project cost at project completion is referred as the 
project size in this study. The data collected for this study have different ranges of 
project size. Therefore, in order to get more precise results, the analysis was 
conducted separately for the projects categorized based on their project sizes. 
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All of the data were analyzed using both descriptive and inferential analysis. For the 
descriptive analysis, mean, median, minimum, maximum, and standard deviation values were 
computed using the statistical software, Statistical Package for Social Sciences (SPSS). For the 
inferential analysis of each group, the relationships of DCPs with cost growth, schedule growth, 
and construction intensity were determined using Pearson’s Correlation Test, and t-tests for two 





CHAPTER 4: DATA ANALYSIS AND RESULTS 
4.1 Data Overview 
To study the impact of design cost on the performance of road construction projects that 
are executed under the DBB method, the information required for the data analysis were 
collected from the Texas Department of Transportation (TxDOT). From the road construction 
project data collected from the TxDOT, only 405 road construction projects were available with 
all the required information for the study. The projects considered for this study had the total 
project cost range from $46,856 to $93,813,601 when converted to the 2019 base cost. Similarly, 
the final construction duration of those projects ranged from 15 days to 1020 days. For these 
projects, the design cost ranged from $11,436 to $3,445,047, the original construction cost 
ranged from $285,910 and $88,833,975, and the final construction cost ranged from $29,838 to 
$90,260,242 when converted to the 2019 base cost. This study used these basic information to 
calculate the required four parameters (DCP, cost growth, schedule growth, and construction 
intensity) to determine the effect of DCP on project performance metrics. The study specifically 
analyzed the impact of DCP of the aforementioned road construction projects on project 
performances in three different perspectives: overall road projects, projects categorized based on 
partnering approach, and projects categorized based on the project sizes. The following sections 
briefly explain these different project group analyses. 
4.1.1 All Road Projects 
In this category, all 405 road projects were taken into account to study the effect of DCP 
on the project performance metrics. Figure 2 shows the number of projects categorized on the 
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basis of the cost and schedule performance and the construction intensity with greater than 
median construction intensity value and less than or equal to the median value. 
  
 
Figure 2. Distribution of Projects for All Project Group Analysis 
 
4.1.2 Projects Based on Partnering Approach 
Based on the partnering approach, the projects were categorized into partnered and non-
partnered road projects. Out of 405 road projects, there were 204 partnered and 201 non-
partnered projects. Figure 3 shows the number of partnered and non-partnered projects 
categorized on the basis of the cost and schedule performance, and construction intensity with 
greater than median construction intensity value and less than or equal to the median value. 

















> Median CI ≤ Median CI




Figure 3. Distribution of Projects Based on Partnering Approach Analysis 
 
4.1.3 Projects Based on Project Size 
Shrestha et al. (2013) identified that there is a significant effect of project size on the 
project cost overrun. Thus, this study intended to identify the impact of DCP on the project 
performances of projects with different sizes. Thus, the 405 road projects were categorized into 
three groups based on total project costs: Project size < $5 million, Project size = $5 million - 
$15 million, and Project size > $15 million. Out of 405 projects, 196 projects had project size < 
$5 million, 106 projects had project size $5 million to $15 million, and 103 projects had project 
size > $15 million. The main objective of such division is to compare how the project size can 
affect the performance of road projects. Figure 4 shows the distribution of projects categorized 
based on the partnering approach.  

























No. of Projects Non-Partnered
Projects
77 124 104 97 100 101
No. of Projects Partnered Projects 46 158 97 107 102 102




Figure 4. Distribution of Projects Based on Project Sizes 
 
4.2 Descriptive Statistical Analysis 
4.2.1 Impact of Design Cost on Project Performance of All Projects 
Table 2 shows the descriptive statistics of the DCP and the three project performance 






















> Median CI ≤ Median CI
No. of Projects > $15 M 16 87 66 37 52 51
No. of Projects $5 M - $15 M 25 81 61 45 53 53
No. of Projects < $5 M 82 114 74 122 98 98
No. of Projects > $15 M No. of Projects $5 M - $15 M No. of Projects < $5 M
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 405 % 3.915 3.754 1.661 39.154 2.431 
Cost growth  405 % 3.681 2.546 -93.784 136.841 14.877 
Time 
growth 
 405 % 11.595 0.446 -67.213 321.052 45.481 
Construction 
Intensity 
 405 $ 44,348.69 32,003.01 351.04 550,500.79 43,527.14 
 
Table 3 shows the descriptive statistics of DCPs for projects categorized based on the 
three project performance metrics of all road construction projects. 
 





Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
123 4.624 3.937 3.846 39.154 4.319 
Worse Cost 
Performance 
282 3.605 3.691 1.661 3.844 0.286 
Better Schedule 
Performance 
201 3.694 3.726 1.661 8.279 0.566 
Worse Schedule 
Performance 
204 4.133 3.80 2.572 39.154 3.369 
> Median CI 203 3.689 3.734 1.661 4.543 0.30 
≤ Median CI 202 4.141 3.783 2.143 39.154 3.419 
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Figure 5 shows the comparison of DCP mean values for projects categorized on the basis 
of the three project performance metrics for all road construction projects. The figure illustrates 
that the mean DCP is higher for the projects performing better in terms of cost compared to the 
worse-performing projects. However, the mean DCP is lower for the projects performing better 
in terms of schedule compared to worse-performing projects. For the projects categorized based 
on median construction intensity, the DCP mean value is lower for the projects with construction 
intensity higher than the median value. 
 
 
Figure 5. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 






































Better / > Median CI Worse / ≤ Median CI
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4.2.2 Impact of Design Cost on Project Performance between Partnered and Non-
Partnered Projects 
Table 4 shows the descriptive statistics of the DCP and the three project performance 
metrics of partnered road construction projects. 
 










 204 % 3.706 3.723 1.661 8.279 0.432 
Cost growth  204 % 5.234 3.422 -55.688 136.841 13.248 
Time 
growth 
 204 % 6.867 0.702 -67.213 129.508 32.392 
Construction 
Intensity 
 204 $ 45,764.66 34,286.37 2,965.41 550,500.79 46,719.52 
 
Table 5 shows the descriptive statistics of DCPs for projects categorized based on the 












Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
46 4.054 3.925 3.848 8.279 0.651 
Worse Cost 
Performance 
158 3.604 3.685 1.661 3.844 0.271 
Better Schedule 
Performance 
97 3.670 3.702 1.661 8.279 0.586 
Worse Schedule 
Performance 
107 3.737 3.740 2.974 4.415 0.209 
> Median CI 102 3.657 3.717 1.661 4.160 0.303 
≤ Median CI 102 3.754 3.730 2.483 8.279 0.527 
 
Figure 6 shows the comparison of DCP mean values for projects categorized on the basis 
of the three project performance metrics for partnered road construction projects. The figure 
illustrates that the mean DCP is higher for the projects performing better in terms of cost 
compared to the worse-performing projects. However, the mean DCP is lower for the projects 
performing better in terms of schedule compared to worse-performing projects. For the projects 
categorized based on median construction intensity, the DCP mean value is lower for the projects 





Figure 6. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 
Performance Metrics for Partnered Projects 
  
Table 6 indicates the descriptive statistics of the DCP and the three project performance 
metrics for non-partnered road construction projects. 
 










 201 % 4.127 3.803 2.143 39.154 3.415 
Cost growth  201 % 2.105 1.182 -93.784 82.667 16.248 
Time 
growth 
 201 % 16.395 0.000 -63.710 321.053 55.385 
Construction 
Intensity 


































Better / > Median CI Worse / ≤ Median CI
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Table 7 shows the descriptive statistics of DCPs for projects categorized based on the 
three project performance metrics for non-partnered road construction projects. 
 





Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
77 4.965 3.948 3.846 39.154 5.421 
Worse Cost 
Performance 
124 3.607 3.704 2.143 3.842 0.305 
Better Schedule 
Performance 
104 3.716 3.738 2.143 7.936 0.549 
Worse Schedule 
Performance 
97 4.568 3.846 2.572 39.154 4.857 
> Median CI 100 3.731 3.781 2.554 4.543 0.301 
≤ Median CI 101 4.520 3.832 2.143 39.154 4.788 
 
Figure 7 shows the comparison of DCP mean values for projects categorized on the basis 
of the three project performance metrics for non-partnered road construction projects. The figure 
illustrates that the mean DCP is higher for the projects performing better in terms of cost 
compared to the worse-performing projects. However, the mean DCP is lower for the projects 
performing better in terms of schedule compared to worse-performing projects. For the projects 
categorized based on median construction intensity, the DCP mean value is lower for the projects 





Figure 7. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 
Performance Metrics for Non-Partnered Projects 
 
4.2.3 Impact of Design Cost on Performance between Projects of Different Sizes 
Table 8 shows the descriptive statistics of the DCP and the three project performance 







































Better / > Median CI Worse / ≤ Median CI
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Table 8. Descriptive Statistics of Design Cost Percentage and Project Performance Metrics for 









 196 % 4.122 3.814 1.661 39.154 3.464 
Cost growth  196 % 2.996 0.868 -93.784 136.841 19.393 
Time 
growth 
 196 % 24.093 6.222 -67.21 321.053 55.860 
Construction 
Intensity 
 196 $ 25,055.01 21,334.30 351.04 77,779.87 16,318.83 
 
Table 9 shows the descriptive statistics of DCPs for projects categorized based on the 
three project performance metrics for road construction projects with project size less than $5M. 
 
Table 9. Descriptive Statistics of Design Cost Percentage for Different Project Groups of Project 




Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
82 4.912 3.953 3.846 39.154 5.255 
Worse Cost 
Performance 
114 3.553 3.678 1.661 3.842 0.373 
Better Schedule 
Performance 
74 3.632 3.732 1.661 7.936 0.696 
Worse Schedule 
Performance 
122 4.419 3.846 2.974 39.154 4.338 
> Median CI 98 3.709 3.803 1.661 4.374 0.390 
≤ Median CI 98 4.535 3.823 2.143 39.154 4.861 
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Figure 8 shows the comparison of DCP mean values for projects categorized on the basis 
of the three project performance metrics for road construction projects with project size less than 
$5M. The figure illustrates that the mean DCP is higher for the projects performing better in 
terms of cost compared to the worse-performing projects. However, the mean DCP is lower for 
the projects performing better in terms of schedule compared to worse-performing projects. For 
the projects categorized based on median construction intensity, the DCP mean value is lower for 
the projects with construction intensity higher than the median value. 
 
 
Figure 8. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 
Performance Metrics for Projects with <$5M Project size 
 
Table 10 shows the descriptive statistics of the DCP and the three project performance 



































Better / > Median CI Worse / ≤ Median CI
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Table 10. Descriptive Statistics of Design Cost Percentage and Project Performance Metrics for 









 106 % 3.706 3.717 2.747 4.448 0.22 
Cost growth  106 % 4.337 3.617 -14.071 41.604 7.006 
Time 
growth 
 106 % 1.134 -3.070 -56.71 143.243 31.094 
Construction 
Intensity 
 106 $ 41,886.69 33,511.01 8,694.58 153,453.50 24,318.13 
 
Table 11 shows the descriptive statistics of DCPs for projects categorized based on the 
three project performance metrics of the projects with project size from $5M to $15M. 
 
Table 11. Descriptive Statistics of Design Cost Percentage for Different Project Groups of 




Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
25 3.946 3.882 3.847 4.448 0.149 
Worse Cost 
Performance 
81 3.632 3.676 2.747 3.827 0.183 
Better Schedule 
Performance 
61 3.694 3.703 2.747 4.448 0.251 
Worse Schedule 
Performance 
45 3.722 3.729 3.267 4.070 0.172 
> Median CI 53 3.702 3.729 2.747 4.322 0.252 
≤ Median CI 53 3.710 3.702 3.287 4.448 0.185 
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Figure 9 shows the comparison of DCP mean values for projects categorized on the basis 
of the three project performance metrics for road construction projects with project size from 
$5M to $15M. The figure illustrates that the mean DCP is higher for the projects performing 
better in terms of cost compared to the worse-performing projects. However, the mean DCP is 
slightly lower for the projects performing better in terms of schedule compared to worse-
performing projects. For the projects categorized based on median construction intensity, the 




Figure 9. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 
Performance Metrics for Projects with $5M-$15M Project size 
 
Table 12 shows the descriptive statistics of the DCP and the three project performance 



































Better / > Median CI Worse / ≤ Median CI
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Table 12. Descriptive Statistics of Design Cost Percentage and Project Performance Metrics for 









 103 % 3.735 3.732 2.563 8.279 0.509 
Cost growth  103 % 4.310 3.173 -55.688 52.049 25.442 
Time 
growth 
 103 % -1.421 4.459 -59.641 81.299 10.267 
Construction 
Intensity 
 103 $ 83,596.58 68,499.39 20,460.71 550,500.79 64,102.90 
 
Table 13 shows the descriptive statistics of DCPs for projects categorized based on the 
three project performance metrics of road projects with project size greater than $15M. 
 
Table 13. Descriptive Statistics of Design Cost Percentage for Different Project Groups of 




Design Cost Percentage (%) 
Mean Median Minimum Maximum Std. Dev. 
Better Cost 
Performance 
16 4.210 3.875 3.849 8.279 1.099 
Worse Cost 
Performance 
87 3.648 3.708 2.563 3.844 0.218 
Better Schedule 
Performance 
66 3.762 3.733 2.563 8.279 0.613 
Worse Schedule 
Performance 
37 3.688 3.720 2.572 4.030 0.229 
> Median CI 52 3.691 3.717 2.563 4.543 0.238 
≤ Median CI 51 3.781 3.751 2.572 8.279 0.683 
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Figure 10 shows the comparison of DCP mean values for projects categorized on the 
basis of the three project performance metrics for road construction projects with project size 
greater than $15M. The figure illustrates that the mean DCP is higher for the projects performing 
better in terms of cost and schedule compared to the worse-performing projects. For the projects 
categorized based on median construction intensity, the DCP mean value is lower for the projects 
with construction intensity higher than the median value. 
 
 
Figure 10. Comparison of Mean DCP for the Better/>Median CI and Worse/≤ Median CI Project 







































Better / > Median CI Worse / ≤ Median CI
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4.3 Inferential Statistics 
4.3.1 Impact of Design Cost on Project Performance of All Projects 
4.3.1.1 Pearson’s Correlation Test 
To determine the relationship between DCP and the project performance metrics for all 
projects, an analysis of Pearson’s Correlation test was conducted. Table 14 shows the results of 
the correlation test, which indicates whether DCP is negatively or positively correlated with the 
project performance metrics of all road construction projects at 95% confidence level. 
 
Table 14. Pearson’s Correlation of Design Cost Percentage with Project Performance Metrics 







Cost Growth (%) 405 -0.597 0.000* 
Time Growth (%) 405 0.095 0.056 
Construction intensity ($) 405 -0.085 0.087 
*Significant at alpha level 0.05 (2-tailed) 
From the test results, it is observed that DCP has negative relationships with cost growth 
and construction intensity with the correlation coefficients of -0.597 and -0.085, respectively. 
However, only the relationship between DCP and cost growth is found to be significant as it has 
a p-value of 0.000. Furthermore, DCP has a positive relationship with time growth; however, the 
relationship is not significant at a 5% significance level as indicated by the p-value of 0.087. 
Therefore, these test results show that DCP of road construction projects is negatively correlated 
with cost growth at the completion of the project. It means that an increase in DCP results in a 
decrease in cost growth of road construction projects. 
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4.3.1.2 Test of Homogeneity of Variances 
Levene’s test was conducted to determine whether the variances of two project groups 
are equal or not in the case of each project performance metrics. The null hypothesis of this test 
was that the variances of the two project groups are not significantly different. In the case of cost 
growth and time growth, the projects are differentiated based on better and worse performances. 
Table 15 shows the Levene’s test results for DCP of projects categorized based on better and 
worse performances in terms of the cost growth and time growth, separately.  
 
Table 15. Levene’s Test for Design Cost Percentage of Projects with Better and Worse 


















*Significant at alpha level 0.05 
In terms of the cost growth, the Levene’s test result shows that the variances of DCP for 
projects categorized based on better and worse performance are significantly different. Here, the 
null hypothesis is rejected as the p-value is less than 0.05. However, in terms of time growth, p-
value is observed to be greater than 0.05. Thus, the null hypothesis cannot be rejected. It means 
that the variances of DCP for projects categorized based on better and worse performance in 
terms of time growth are equal. 
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Levene’s test was also performed to test the homogeneity of variances of DCP for 
projects categorized in terms of the construction intensity (CI) values, i.e., projects with CI 
values less than or equal to median CI value of all projects and projects with CI values greater 
than the median CI value. Table 16 shows the Levene’s test results. 
 
Table 16. Levene’s Test for Design Cost Percentage of Projects Categorized Based on 












> CI Median 0.000899 
6.969 0.009* 
≤ CI Median 0.1169 
*Significant at alpha level 0.05 
Here, since the p-value is less than 0.05, the null hypothesis is rejected. Thus, the 
variances of DCP for projects categorized in terms of the CI values based on median CI values 
are significantly different, i.e., the variances are unequal. 
4.3.1.3 T-test 
Based on the results of Levene’s test, t-test for two samples with unequal variances was 
conducted for DCPs between projects performing better and worse in terms of the overall project 
cost. The null hypothesis for this test was that the mean DCP for projects with better cost 
performance is not significantly different from that of projects with the worse cost performance. 





Table 17. T-test for Two-Samples with Unequal Variances for Comparison Between Design Cost 










With Better Cost Performance 123 4.624 
2.616 0.01* 
With Worse Cost Performance 282 3.605 
*Significant at alpha level 0.05 (two-tailed) 
The result presented in the above table shows a p-value of 0.01, which is lower than 0.05. 
Thus, the null hypothesis cannot be rejected. It means that the mean DCPs are significantly 
different between the projects that are performing better and worse in terms of the overall project 
cost. Therefore, it can be concluded that the DCP of the project with better cost performance is 
significantly higher than the projects with worse cost performance. 
Similarly, t-test for two samples with equal variances was conducted for DCPs between 
projects performing better and worse in terms of overall project duration. The null hypothesis for 
this test was that the mean DCP for projects with better schedule performance is not significantly 
different from that of projects with worse schedule performance. Table 18 shows the t-test 
results. 
 
Table 18. T-test for Two-Samples with Equal Variance for Comparison Between Design Cost 










With Better Schedule Performance 201 3.694 
-1.821 0.069 
With Worse Schedule Performance 204 4.132 
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*Significant at alpha level 0.05 (two-tailed) 
The result presented in Table 18 shows a p-value of 0.069, which is greater than 0.05. 
Thus, the null hypothesis is rejected. It means that the mean DCPs are not significantly different 
between the projects that are performing better and worse in terms of the overall project 
schedule. Therefore, we can conclude that the DCP of the project with better schedule 
performance is not significantly lower compared to projects with worse schedule performance. 
Similarly, t-test for two samples with unequal variances was conducted for DCPs 
between projects categorized based on median construction intensity value of all projects. The 
null hypothesis for this test was that the mean DCP for projects with construction intensity 
greater than median construction intensity is not significantly different from that of projects with 
construction intensity less than or equal to median construction intensity. Table 19 shows the t-
test results.  
 
Table 19. T-test for Two-Samples with Unequal Variance for Comparison Between Design Cost 










With > 50th percentile Construction Int. 203 3.689 
-1.874 0.062 
With ≤ 50th percentile Construction Int. 202 4.141 
*Significant at alpha level 0.05 (two-tailed) 
The result presented in the above table shows a p-value of 0.062, which is greater than 
0.05. Thus, the null hypothesis is rejected. It means that the mean DCPs are not significantly 
different between the projects categorized based on median construction intensity value of all 
projects. Therefore, we can conclude that the DCP of the project with construction intensity 
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greater than median construction intensity is not significantly lower compared to the projects 
with construction intensity less than or equal to median construction intensity. 
 
4.3.2 Impact of Design Cost on Project Performance Between Partnered and Non-
Partnered Projects 
4.3.2.1 Pearson’s Correlation Test 
An analysis of Pearson’s Correlation test was conducted to determine the relationship 
between DCP and the project performance metrics for partnered and non-partnered projects, 
separately. Table 20 shows the results of the correlation test, which shows whether DCP is 
negatively or positively related with the project performance metrics of the partnered and non-
partnered road construction projects at 95% confidence level. 
 
Table 20. Pearson’s Correlation of Design Cost Percentage with Project Performance Metrics for 











Cost Growth (%) 
Partnered 204 -0.836 0.000* 
Non-Partnered 201 -0.687 0.000* 
Time Growth (%) 
Partnered 204 0.186 0.008* 
Non-Partnered 201 0.087 0.218 
Construction intensity ($) 
Partnered 204 -0.059 0.404 
Non-Partnered 201 -0.120 0.090 
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*Significant at alpha level 0.05 (two-tailed) 
From the test results, it is observed that DCP has negative relationships with cost growth 
and construction intensity for both partnered and non-partnered projects. However, the p-values 
show that there is a significant negative correlation, at a 5% significance level, only in the case 
of cost growth for both partnered and non-partnered projects. In the case of time growth, the 
relationship is positive for both partnered and non-partnered projects as indicated by the 
correlation coefficient values of 0.186 and 0.087, respectively. However, the p-values show that 
the relationship between DCP and time growth is only significant for partnered projects. 
Therefore, these test results show that DCP of road construction projects is negatively related to 
cost growth and time growth, at the completion of the partnered project. However, in the case of 
non-partnered road construction projects, DCP has negative correlation only with the cost 
growth. It means that an increase in DCP of partnered road construction projects results in a 
significant decrease in both cost growth and time growth. Further, an increase in DCP of non-
partnered road construction projects results in a significant decrease in cost growth only. 
4.3.2.2 Test of Homogeneity of Variances 
The Levene’s test was also conducted to determine the homogeneity of variances of the 
projects categorized based on the application of the partnering approach. Tests were performed 
for the DCP variances between partnered and non-partnered project, separately for each of the 
project performance metrics. The null hypotheses of these tests were that the DCP variances of 
partnered projects are not significantly different from the DCP variances of non-partnered 
projects. Table 21 shows the results for the Levene’s test for DCPs of the projects categorized on 
the basis of cost-performance for partnered and non-partnered projects. 
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Table 21. Levene’s Test for DCPs of Projects Categorized Based on Cost Performance for 
Partnered and Non-Partnered Projects  









*Significant at alpha level 0.05 
The results presented in the above table shows a p-value of 0.222 in the case of partnered 
projects. As the p-value is greater than 0.05, the null hypothesis is not rejected. It means that, for 
the partnered projects, the DCP variance of projects with better cost performance is not 
significantly different from that of the projects with worse cost performance (i.e., the variances 
are equal). However, in the case of non-partnered projects, the p-value is 0.00, which is less than 
0.05. Thus, the null hypothesis is rejected. It means that the DCP variances of projects with 
better cost performance are significantly different from that of the projects with the worse cost 
performance in the case of non-partnered projects (i.e., the variances are unequal).  
Similarly, the Levene’s test was also conducted to determine the homogeneity of 
variances for DCPs of the projects categorized on the basis of schedule performance for 






Table 22. Levene’s Test for DCPs of Projects Categorized Based on Cost Performance for 
Partnered and Non-Partnered Projects 










*Significant at alpha level 0.05 
The results presented in the above table shows a p-value of 0.058 in the case of partnered 
projects. As the p-value is greater than 0.05, the null hypothesis is not rejected. It means that, for 
the partnered projects, the DCP variance of projects with better schedule performance is not 
significantly different from that of the projects with worse schedule performance (i.e., the 
variances are equal). However, in the case of non-partnered projects, the p-value is 0.012, which 
is less than 0.05. Thus, the null hypothesis is rejected. It means that the DCP variances of 
projects with better schedule performance are significantly different from that of the projects 
with worse schedule performance in the case of non-partnered projects (i.e., the variances are 
unequal). 
Similarly, the Levene’s test was also conducted to determine the homogeneity of 
variances for DCPs of the projects categorized on the basis of median CI values for partnered 




Table 23. Levene’s Test for DCPs of Projects Categorized Based on Median Construction 




Variances Levene’s Statistics P-value 
Partnered 
> Median CI 0.000921 
0.400 0.528 
≤ Median CI 0.00278 
Non-Partnered 
> Median CI 0.000908 
7.531 0.007* 
≤ Median CI 0.229 
*Significant at alpha level 0.05 
The results presented in the above table shows a p-value of 0.528 in the case of partnered 
projects. As the p-value is greater than 0.05, the null hypothesis is not rejected. It means that, for 
the partnered projects, the DCP variance of projects with CI values greater than median CI value 
is not significantly different from that of the projects with CI values less than or equal to median 
CI value (i.e., the variances are equal). However, in the case of non-partnered projects, the p-
value is 0.007, which is less than 0.05. Thus, the null hypothesis is rejected. It means that the 
DCP variances of projects with CI values greater than median CI value are significantly lower 
compared to the projects with CI values less than or equal to median CI value (i.e., the variances 
are unequal). 
4.3.3.3 T-test 
Based on the results of Levene’s test, the t-test for two samples assuming equal variances 
was conducted for the DCPs between the projects performing better and worse in terms of cost 
growth for the partnered projects. Similarly, t-test for two samples assuming unequal variances 
was conducted the non-partnered projects. The null hypotheses of these tests were that the mean 
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DCP of projects with better cost performance is not significantly different compared to the 
projects with the worse cost performance. Table 24 shows the test results. 
 
Table 24. T-test for Two-Samples for Comparison Between DCPs of Projects with Better Cost 


























Worse 124 3.606 
*Significant at alpha level 0.05 (two-tailed) 
Based on the test results, the p-values for both partnered and non-partnered projects are 
less than 0.05. Thus, the null hypotheses are rejected for both of these cases. It means that the 
mean DCP of projects with better and worse cost performances are significantly different for 
both partnered and non-partnered projects. Therefore, it can be concluded that the mean DCP of 
projects with better cost performance are significantly higher compared to the projects with 
worse cost performance for both partnered and non-partnered projects. 
Similarly, the t-test for two samples assuming equal variances was conducted for the 
DCPs between the projects performing better and worse in terms of schedule growth for the 
partnered projects. For the non-partnered projects, t-test for two samples assuming unequal 
variances was conducted. The null hypotheses of these tests were that the mean DCP of projects 
with better schedule performance are not significantly different compared to the projects with 
worse schedule performance. Table 25 shows the t-test results. 
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Table 25. T-test for Two-Samples for Comparison Between DCPs of Projects with Better 



























Worse 97 4.568 
*Significant at alpha level 0.05 (two-tailed) 
Based on the test results, the p-values for both partnered and non-partnered projects are 
greater than 0.05. Thus, the null hypotheses cannot be rejected for both of these cases. It means 
that the mean DCP of projects with better and worse schedule performances are not significantly 
different for both partnered and non-partnered projects. Therefore, we can conclude that the 
mean DCP of projects with better schedule performance are not significantly lower compared to 
the projects with worse schedule performance for both partnered and non-partnered projects. 
Similarly, the t-test for two samples assuming equal variances was conducted for the 
DCPs between the projects with CI greater than median CI and less than or equal to median CI 
for the partnered projects. For the non-partnered projects, t-test for two samples assuming 
unequal variances was conducted. The null hypotheses of these tests were that the mean DCP of 
projects with CI greater than median CI are not significantly different compared to the projects 
with CI less than or equal to median CI. Table 26 shows the t-test results. 
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Table 26. T-test for Two-Samples for Comparison Between DCPs of Projects with CI greater 





















≤ Median CI 102 3.754 
Non-Partnered 




≤ Median CI 101 4.519 
*Significant at alpha level 0.05 (two-tailed) 
The above test results show that the p-values for both partnered and non-partnered 
projects are greater than 0.05. Thus, the null hypotheses cannot be rejected for both of these 
cases. It means that the mean DCP of projects with CI greater than median CI and less than or 
equal to median CI are not significantly different for both partnered and non-partnered projects. 
Therefore, we can conclude that the mean DCP of projects with CI greater than median CI are 
not significantly lower compared to the projects with CI less than or equal to median CI for both 
partnered and non-partnered projects. 
4.3.3 Impact of Design Cost on Performance Between Projects of Different Sizes 
4.3.3.1 Pearson’s Correlation Test 
An analysis of Pearson’s Correlation test was conducted to determine the relationship 
between DCP and the project performance metrics for projects categorized based on the project 
sizes, separately. Table 27 shows the results of the correlation test, which shows whether DCP is 
negatively or positively related with the project performance metrics of the three project groups: 
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project size < $5M, project size $5M to $15M, and project size > $15M, separately at 95% 
confidence level. 
 
Table 27. Pearson’s Correlation of Design Cost Percentage with Project Performance Metrics for 










Cost Growth (%) 
< $5M 196 -0.614 0.000* 
$5M - $15M 106 -0.988 0.000* 
> $15M 103 -0.884 0.000* 
Time Growth (%) 
< $5M 196 0.083 0.248 
$5M - $15M 106 0.184 0.060 
> $15M 103 -0.001 0.989 
Construction intensity ($) 
< $5M 196 -0.172 0.016* 
$5M - $15M 106 0.033 0.740 
> $15M 103 -0.092 0.353 
*Significant at alpha level 0.05 (2-tailed) 
From the correlation test results, it is observed that DCP has negative relationships with 
cost growth for all three project groups with the correlation coefficient of -0.614 for project size 
< $5M, -0.988 for project size $5M to $15M, and -0.884 for project size > $15M. Since the p-
values for all those project sizes are 0.000 (i.e., < 0.05), all these negative relationships are 
significant at a 5% significance level. It also shows that the relationship is stronger for project 
sizes $5M to $15M out of all those three groups. In the case of time growth, the relationship is 
positive for the project sizes < $5M and $5M to $15M, whereas the relationship is negative for 
projects > $15M. However, the p-values > 0.05 indicate that none of these correlations between 
DCP and time growth are significant at 95% confidence level. Further, DCP has a negative 
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correlation with construction intensity for the project sizes < $5M and > $15M, whereas a 
positive correlation for the project sizes $5M to $15M. However, only the correlation for project 
sizes < $5M is found to be significant. Therefore, these test results show that DCP of road 
construction projects has a significant negative correlation with cost growth for the projects of all 
sizes. Also, the relationship with construction intensity is significantly negative for the project 
sizes < $5M. It means that an increase in DCP results in a significant decrease in cost growth for 
all those project groups. Further, an increase in DCP of project sizes < $5M results in a 
significant decrease in construction intensity. 
4.3.3.2 Test of Homogeneity of Variances 
The Levene’s test was conducted to determine the homogeneity of variances of the DCPs 
between projects categorized based on their performances in terms of cost, schedule, and 
construction intensity, separately for the projects of different sizes. The null hypothesis for this 
test was that the variances of DCPs for two project groups are not significantly different. Table 
28 shows the results of Levene’s test for DCPs of projects categorized based on their cost 








Table 28. Levene’s Test for DCPs of Projects Categorized Based on Cost Performance for  
Different Project Sizes  













*Significant at alpha level 0.05 
Based on the results presented in Table 28, in the case of projects < $5M and > $15M, the 
null hypothesis is rejected as the p-value is less than 0.05. It means that the variances of DCP 
categorized based on better and worse cost performance for those two group projects are 
significantly different. Hence, in those two groups of project sizes (i.e., < $5M and > $15M), the 
DCP variances are found to be unequal. Whereas, for the project size $5M - $15M, the Levene's 
test results show p-value of 0.387, which is greater than 0.05. Thus, the null hypothesis cannot be 
rejected, and DCP variances are found to be equal between the projects performing better and 
worse in terms of cost for project sizes $5M - $15M. 
Similarly, the Levene’s test was conducted to determine the homogeneity of variances of 
the DCPs between projects categorized based on their performances in terms of schedule 
performances, separately for the projects of different sizes. Table 29 shows the results of 
Levene’s test for DCPs of projects categorized based on their schedule performance, separately 
for different project sizes < $5M, $5M - $15M, and > $5M. 
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Table 29. Levene’s Test for DCPs of Projects Categorized Based on Schedule Performance for  
Different Project Sizes 













*Significant at alpha level 0.05 
The results presented in Table 29 shows that the p-values are greater than 0.05 for the 
DCP variances of all three project sizes. Thus, the null hypothesis cannot be rejected. It means 
that the DCP variances for project categorized based on better and worse schedule performance 
are statistically equal irrespective of the project sizes.  
Further, the Levene’s test was conducted to determine the homogeneity of variances of 
the DCPs between projects categorized based on their construction intensity values, separately 
for the projects of different sizes. Table 30 shows the results of Levene’s test for DCPs of 
projects categorized based on whether the project CI values are greater than median CI value of 
all project or less than or equal to the median CI value, separately for different project sizes < 





Table 30. Levene’s Test for DCPs of Projects Categorized Based on Construction Intensity 




Variances Levene’s Statistics P-value 
< $5M 
> Median CI 0.00152 
6.767 0.010* 
≤ Median CI 0.2363 
$5M - $15M 
> Median CI 0.0006346 
1.047 0.308 
≤ Median CI 0.0003427 
≥ $15M 
> Median CI 0.0005678 
0.974 0.326 
≤ Median CI 0.004669 
*Significant at alpha level 0.05 
The results presented in the above table shows a p-value of less than 0.05 in the case of 
project size <$5M. Thus, the null hypothesis is rejected. It means that the DCP variances of 
projects categorized based on median of construction intensity value are significantly different in 
the case of the project size < $5M. Hence, in this case, the DCP variances are found to be 
unequal. Whereas, for the project sizes $5M - $15M and > $5M, the Levene’s test results show 
p-values greater than 0.05. Thus, the null hypotheses cannot be rejected for these two project size 
groups. It means that the DCP variances are found to be equal between the projects categorized 
based on median CI values for the project sizes $5M - $15M and > $5M.  
4.3.3.3 T-test 
Based on the results of Levene’s test, the t-tests for two samples assuming unequal 
variances were conducted for the DCPs between projects performing better and worse in terms of 
schedule growth, separately for the project sizes < $5M and > $5M. In the case of project sizes 
$5M - $15M, t-test for two samples with equal variances was conducted. The null hypothesis for 
this test was that the mean DCP for projects with better cost performance is not significantly 
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different from that of projects with the worse cost performance. Table 31 shows the t-test results 
for the projects of different sizes. 
 
Table 31. T-test for Two-Samples for Comparison Between DCPs of Projects with Better Cost 




















Worse 114 3.553 











Worse 87 3.648 
*Significant at alpha level 0.05 (two-tailed) 
From the summary of test results, p-values are found to be less than 0.05 for the project 
sizes < $5M and $5M - $15M. Thus, the null hypotheses are rejected for these two cases. It 
means that the mean DCP values for the projects categorized based on cost performance are 
significantly different for the project of sizes < $5M and $5M - $15M. However, the p-value is 
greater than 0.05 for the project size > $15M. Thus, the null hypothesis is not rejected in this 
case. It means that the mean DCP values for the projects categorized based on cost performance 
are not significantly different for the project size > $15M. Hence, we can conclude that the DCP 
values of the projects with better cost performance are significantly higher compared to the DCP 
values of the projects with worse cost performance for the project sizes < $5M and $5M - $15M. 
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The t-tests for two samples assuming equal variances were conducted for the DCPs 
between projects performing better and worse in terms of schedule growth, separately for the 
projects of three different sizes. The null hypothesis for this test was that the mean DCP for 
projects with better schedule performance is not significantly different from that of projects with 
worse schedule performance. Table 32 shows the t-test results for the projects of different sizes. 
 
Table 32. T-test for Two-Samples for Comparison Between DCPs of Projects with Better 




















Worse 122 4.419 











Worse 37 3.688 
*Significant at alpha level 0.05 (two-tailed) 
From the summary of test results, p-values are found to be greater than 0.05 for all 
project sizes. Thus, the null hypotheses are not rejected for all these cases. It means that the mean 
DCP values for the projects categorized based on schedule performance are not significantly 
different for the project of all sizes. Hence, we can conclude that the DCP values between the 
projects performing better and worse in terms of schedule are not significantly different, 
irrespective of their sizes. 
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Similarly, t-tests for two samples assuming unequal variances were conducted for the 
DCPs of projects sizes < $5M and > $15M between projects categorized based on median CI 
value. The null hypothesis for this test was that the mean DCP for projects with CI greater than 
median CI value is not significantly different from that of projects with CI less than or equal to 
median CI value. Table 33 shows the t-test results for the projects of different sizes. 
 
Table 33. T-test for Two-Samples for Comparison Between DCPs of Projects with CI greater 





















≤ Median CI 98 4.535 
$5M - $15M 




≤ Median CI 53 3.710 
> $15M 




≤ Median CI 51 3.781 
*Significant at alpha level 0.05 (two-tailed) 
From the summary of test results, p-values are found to be greater than 0.05 for all 
project sizes between the projects categorized on the basis of median CI value. Thus, the null 
hypotheses are not rejected for all these cases. It means that the mean DCP values for the project 
categorized based on median CI values are not significantly different despite the different project 
sizes. Hence, we can conclude that the DCP values between the projects categorized based on 




CHAPTER 5: CONCLUSION 
5.1 Conclusion 
In order to investigate the impact of the DCPs of road construction projects on their 
projects’ performance, this study analyzed the data available for 405 DBB road projects 
constructed by TxDOT between 1987-2000. The three project performance metrics used in this 
study were cost growth, schedule growth, and construction intensity. Accordingly, these three 
metrics, along with the DCPs, were calculated for all 405 projects. This study conducted various 
statistical analyses using these four parameters to determine the impact of design cost on project 
performance, based on the cost and schedule performances of the projects. It means that the 
projects were categorized based on whether there was cost growth or not, and whether there was 
schedule growth or not, as well as whether the construction intensity was greater or less 
than/equal to the median construction intensity values of all projects considered in this study. 
Besides conducting these statistical analyses on all projects, this study also categorized the 
projects based on the partnering approach and compared the impact for the partnered and non-
partnered projects separately. Similarly, separate analyses were conducted for the projects 
categorized based on total project cost, divided into three groups: (a) < $5 million; (b) $5 - $15 
million; and (c) > $15 million. 
The analysis for all projects as a single group demonstrated that an increase in DCP 
resulted in a significant decrease in the cost growth of the DBB road construction projects. 
However, there is no significant relationship of DCP with schedule growth and construction 
intensity. Further, the analysis of projects grouped based on their cost performances 
demonstrated that the projects with better cost performances had significantly higher DCPs. For 
the projects grouped based on their schedule performances, no significant difference was 
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observed in the DCPs. Similarly, no significant difference was found in the DCPs between the 
projects categorized based on the median construction intensity value of all projects. Based on 
these results, it can be concluded that design costs impact the cost performances of DBB road 
projects, i.e., the higher design cost results in the lower cost growth. However, no such impact 
was observed in the cases of schedule growth and construction intensity. 
From the statistical analysis of the partnered and non-partnered projects, separately, this 
study found that an increase in DCP caused a significant decrease in the cost growth of both the 
partnered and non-partnered DBB road construction projects. However, schedule growth shows a 
significant positive relationship with DCP in partnered projects, which means that increases in 
the DCPs of partnered projects result in significant increases in schedule growth. Further, the 
analysis of projects grouped based on their cost performances demonstrated that the projects with 
better cost performances had significantly higher DCPs in both partnered and non-partnered 
projects. For the projects grouped based on their schedule performances, no significant 
differences were observed in the DCPs. Similarly, no significant differences were found in the 
DCPs between the projects categorized based on the median construction intensity value of all 
projects. Thus, on the basis of these results, it can be concluded that higher design costs result in 
better cost performances of both partnered and non-partnered projects. However, the study 
results did not show such impacts in the cases of schedule growth and construction intensity.  
Similarly, the statistical analysis to determine the impact of the DCPs on the project 
performances of projects categorized based on the project sizes found that an increase in DCPs 
resulted in significant decreases in the cost growths of the DBB road projects, on all of those 
project categories, separately. However, schedule growth had no significant relationship with 
DCP on any of those project categories. In the case of construction intensity, there was a 
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significant negative relationship with DCP for the project size of less than $5M, which illustrates 
that an increase in DCP decreases the construction cost per day. However, other project 
categories had no significant relationships between construction intensity and DCP. The 
statistical analysis also demonstrated that the projects with better cost performances had 
significantly higher DCPs for project categories < $5M, and $5M - $15M project sizes. For the 
projects grouped based on their schedule performances, no significant differences were observed 
in the DCPs. Similarly, no significant differences were found in the DCPs between the projects 
categorized based on the median construction intensity value of all projects. Thus, these results 
show that the cost performance of DBB projects of all sizes are influenced by the design cost. 
However, the schedule performance and construction intensity have no influence of design cost.   
In summary, the DCP is found to affect the cost growth of DBB road construction 
projects significantly. It is found to be valid for all of the cases considered in this study. These 
findings are similar to the findings of similar studies on DBB road projects by Gransberg et al. 
(2007) and Shrestha & Mani (2014), in which the researchers found that the decrease in design 
cost resulted in an increase in cost growth. However, DCP has no significant relationship with 
schedule growth, except in partnered projects. In partnered DBB road construction projects, 
increases in DCP significantly increased schedule growth. These results are different from the 
finding of a similar study by Shrestha & Mani (2014) in which the researchers found that DCP 
has significant negative relationship with schedule growth. Similarly, DCP has no significant 
relationship with construction intensity except in projects with project sizes of less than $5M. 
For the DBB road projects with project sizes of less than $5M, increases in DCPs significantly 
decrease the construction cost per day. Further, mean DCP is significantly higher for better-
performing projects in terms of cost only. Therefore, the study results demonstrate that a higher 
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investment in the design phase of road construction projects reduces the cost growth 
significantly, and thus, results in better cost performance. These results are expected to assist 
state DOTs in taking preventive measures during the design phases of their projects by focusing 
on details and improving project performance. 
5.2 Discussion and Recommendation 
Although this study included a large amount of project data compared to previous studies, 
this study is limited to the projects executed by TxDOT between 1987-2000. Further, the data 
obtained from TxDOT did not provide sufficient details on whether the road construction 
projects included bridge construction or not. Similarly, no description was provided to inform 
whether the projects were new construction, maintenance, or reconstruction. On close 
observation of the project data collected in this study (mainly the cost and duration of projects), 
it can be assumed that the projects included smaller reconstruction and maintenance projects, 
along with large road construction projects. 
On close observation of the analysis for the projects grouped based on project sizes, it is 
clear that the mean DCP values are nearly equal for the projects of all sizes performing better 
and worse. However, the relationship of DCP with projects categorized based on cost 
performance was only observed significantly different only for the project sizes < $5M and $5M-
$15M. Based on these results, it can be inferred that experienced designers and construction 
companies are involved in large projects, due to which there is no large variation in project 
performance. However, the involvement of low experienced groups in the small projects may be 
the reason for inaccuracies in design and execution, which results in cost growth on those 
projects. Therefore, there may be a relationship between the years of experience of the design 
firms and construction companies with the project performance.  
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Considering all of this, it is recommended to conduct similar studies including the DBB 
road project data from different state DOTs for infallible evidence of the impact of design cost 
on the performance of road construction projects. During the data collection, it is recommended 
to collect more information on the types of projects (i.e., new construction, maintenance, 
reconstruction) as well as the experience of the design firms and contractors. Such information 
would assist in producing more reliable test results that can be generalized to other projects. Such 
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